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: Uni±Bd States Provisional Patent Applicatiaa For: 



APPARATUS, SYSTEM AND METHOD TO INDICATE IN-VrV^O DEVIC3E 

LOJCATION - •■ . 



HELD OF TBE INVENTION 

m relates to ia-vivo devices and metliods for operating 



Specifically; embodimeiits of Ihe present invention relate to systems, mefliods, and 
apparatuses that help in.indicating in-vivo device location inside a body. 



BACKGROI3ND OE THE INVENTION 

[0002] Devices helpful in providing in-vivo imagmg, diagiosis, treatments etc. ate 
knoiwn in the art. For example^ autonomous in-vivo devices, such as swallovrable 
capsules^ may move thirbu^ a body lumen, collecting data as fhey move along. This 
data may be transmitted to an external reception device^ and processed by a processing 
unit, to help, for example, determine in-vivo parameters. It would be highly 
advantageous to . have a system or method to help indicate the location of an in-vivo 
device. 



BBIEF DESCRIPTEON OF THE DRAWINGS 

[0003] The principles and operation of the system, apparatus, and method according to 
the present invention may be better nnderstood widi reference to the drawings, and the 
fondwing desciiptLon, it being und^stood that these drawinip are given for illustrative 



poroses only and are not meant to oe mmtmg, wnerem: 

[00041 Figure 1 is a schematic illustration of an in vivo device and i ma gi n g system 
according to one emboduzLcnt; 

[OOOSlFigm-e 2 is a schematic illustration of an in vivo device according to some 
enibodiiniBCQte of the present inventi 
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. [0006] Figures 3A and 3B are flow charts illustrating methods for ia-vivo location 
indication according to some embodiments of the present inventioru 

[0007] It will be appreciated that for simplicity and clarity of illustration, elements 

shown ii the figures have not necessarily been dmwn to scale. For exBinple, the 

dimensions of some of the elements may be exaggerated relative to other elements for 

• clarity. Further, where considered appropriates reference niameials may be repeated 

• among the figures to indicate corresponding or analogous elCTaents throughout the serial 

• • • ' 

views, 
. " * • • • 

• • • 

. : DETAILED DESCaOPTION OF 

[0008] The following description is presented to enable one of ordinary skill in the art 
to make and use die invention as provided in the context of a particular application and 
its .requirements. Various modifications to the described embodiments will be apparent 
toUiose with skill in the art, and the general principles defbaedhereinmay be applied to 
other embodiments. Therefore- the present invention is not intended to be limited to the 
particular embodiments shown and described, but is to be accorded the widest scope 
' consistent with the principles and novel features herein disclosed. In iiie following 
detailed description^ numerous specific details are set forth in order to provide a 
thorou^ understanding of the present invention. However, it will be understood by 
thqse skilled in the art that the.presmt invention may be practiced without these specific 
details- In other instances/ weU-3fflSWnmefliods, procedures, and components have not 
been described m detail so as not to obscure the present invention. 

[0009] Some embodiments of the present invention are directed to a typically 
swalldwable'in-vivo device that may be used for recording in vivo data^- for example 
jSrom the entire length of the gastrointestinal (QJ) tractj and transmitting recorded data to 
a receiving and/or processing unit. Other embodiments need not be swallowaible or 
autonomous, and may have other shapes or configurations. According to some 
embodiments the in vivo device may iiaclude an image sensor, however, oUier sensors 
may be used. . Devtees according to embodiments of the present invention may be 

*• . .*•* 

. • • • • 2 . • -\ . 
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similar to or operate in a siadlar way to embodiments described in Interaational 
Application WO 01/65995 aad/or ia US Patent Nxunber 5,604,531, each of which are 
assigaed to the common assignee of the present invention and each of which are hereby 
incorporated, by reference ra fheir entirety. Furfbranorea receiviog, 
storage, processing, aad/or display systems sintable for use with embodiments of the 
present invention may be similar to embodiments described in WO 01/65995 and/or in 
US Patent Number 5,604,531- Of course, devices, systems, staictures, functionalities, 
and methods as.described herein may have other configurations, sets of components and 
processes etc. 

[001 0] Embodiments of the device are typically autonomous and are typically self- 
contained. For example, the device may be a capsule or other unit where aU the 

• > 

components are substantially contained within a container or shell, and where the device 
• does not require any wires or cables to, for example, receive power or transmit 
information. The device may coxomunicate with an external receiving and display 
system io provide display of data, control, or other functions. For example, power may 
be provided by an jntamal battery or a wireless receiving system. Other embodiments 
inay have other configurations and capabilities. For example, components may be 
distributed over multiple sites or units. Control information may be received firoin an 
external source. 

[001 1] Reference is now made to Big. 1, which is a schematic illustration' of an in-vivo 
imaging system 100, according to an embodiment of the invention. S^^tem 100 may 
include, for sample, an in-vivo device 10, which may be, fer example, .a swailowable 
c^sule, hi-vivo device may include, for example, one or more detection units or 
detectors 30. In-vivo device may include, for example, one or more illumination units 
43. System 100 may include a data reception unit 12 to receive at least in-vivo device 
data, and a data processor 14 to at least process at least in-vivo device data. System 100 
may further include a displaying apparatus, such as a monitor 16, to display at least in- 
vivo device data. For example, data reception unit 12 may receive the d^ from in-vivo 
device 10, and may thereafter transfer the data to a data processor 14, and optionally a 
data storage unit 19. The data may be displayed on monilxiQr 16. Data reception unit 12 
may be separate firom the processing u3Qit 14 or combined with it. Data processor 14 

• ••3 ...... 
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may be, for examplea associated with a personal computer or workstation, and may 
include, for example, a processor memory etc. Data processor 14 may be configured for 
real time processing and/or for post processing to be viewed or otberwise displayed at a 
later date. Units 14, 16 and 19 may be integrated into, a single tmit, for example a 
workstation 13, or any combinations of the vaiiotis imits may be implemented. Of 
course, oliier suitable components may be used. Device 10 may be an imaging device, 

* » * ■ 

* 

or may include nonHtnaging capability. 

[00 12] Device 10 as depicted in Fig. 1 is capsule shaped, and may be easily swallowed 

and passively passed Hirougli thiS entire GI tract, pushed along, for example, by natural 

peristalsis: Nonetheless, it should be appreciated that device 10 may be of any shape 

and size suitable fi>r being inserted into and passing through a body lumen or cavity, 

such as spherical, oval, cylindcical, etc. or other suitable , shapes.- Furthermore, device 10 

or varioiss embodiments that miay include at least some conoponents of device 10 may 

be.'tattached or afSxed on to an instrument that is irtsected into body Itimens and cavities, 

such as, for example, on an endoscope, laparoscope, stent, needle, catheter etc. 

* * ' * • , 

[001 3] Reference is now made to Fig. 2, which is a schematic iUustmtion of an in-vivo 

device, e.g., a swallowable capsule, according to an embodiment of the present 
invention, which may be adapted to indicate hi-vivo device location within a body- 
Device 10 may include at least one illuminadon source 23, such as, for example, a white 
LED or any other suitable illumination source for iUimmiating a body lumen; an imager 

24, such as, for example a CMOS imaging camera, a Charge Coupled Device (CCD), or 
any other suitable imaging device; and an optical system 22 including equipment, such 
as, for example, a lens, which may foc\is images onto imager 24. Illumination source 
23 may iUumiuate the inner portions of a body lumen through at least one optical 
window 21. Device 10 imy further include a transmitter 26 and an antenna 27 for 
transmittmg signals and/or data received from at least imager 24, and a power source 

25, sUch as, for example, a battery (e.g., a silver oxide battery, etc.) or any other suitable 
power source that may provide power to the electrical elements of device 10. 

[0014] Device 10 may include a processor and/or controller 28, for example, an ASIC 
controller, optionally located within transmitter 26, or within any other component of 
device 10, to enable processing of recorded data and/or to control device 10. 

4 • ' : 
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* « * 

Tiansmitter 26 may operate tising radio waves, but in some embodiments, such as those 
where the device 10 is or is inchided witbiix, for example, an endoscope, t ransmit ter 
may traosmit via, for example, a livire-based chaonel or another suitable method. In-vivo 

• « 

device 10 may include an imaging- -system for obtaining images .£rom inside a body 
lumen, such as the GI tract, or may have no such imaging system. Other structures, 
components, and/or combinations of components may be used. 

[0015] According to some embodiments of the present invendon, device 10 may 

• » * 

include one or more lUumiaadon detectors 30, which may be placed, for example, at 
one or more locations towards the outer ^eU. of device 10 or at any olher location of 
device 10, such that iUumiuation generated by light sources 23 and refLected £com in- 
vivo objects or luroen waUs etc; to detector 30 is not received througji optical window 
21, for example, the device's '"piioaary" optical wiadow. For esmmple, when the sides of 
device 10, in the vicinity of detector 30, are close to or . touching the cavity or lumen 
walls Ce.g.a device 10 is passing through a relatively small, typically tube-like cavity), 
light emitted by illumination sources 23 may not substantially iEutninate lumra. walls or 
in-vivo objects ia the area from whiich light may be reflected to detector 30. When the 
sides of device 10, in the region of detector 30, are not substantially dose to the cavity 
or lumen walls (e.g., device 10 is passing through a relatively large cavity), Hght 
emitted by illumination sources 23 may illuminate lumen walls or in-vivo objects in the 
area from v^dbicih light may be reflected to detector 30. In this way detector 30 may 

ft 

detect light from illumination sources 23 when device 10 is traversing a relatively large 
lumen, and may not detect substantial light from iUumination source 23 when device 10 
is traversing a relatively small Ixxmen. 

[0016] In one embodiment device 10 may include one or more illumiaation sourceCs) 
43, y^ch may be placed, for example, at one or more locations towards the outer shell 
of device 1 0. Illumination sources may be placed on the sides or at any other location of 
devic^e 10, such that light generated by illuinination source 43 and reflected from in- 
vivo objects or lumen walls etc. to detector 24 is not substantial when device 10. is 
passing through, for example, a narrow cavity. 

[0017] In one embodiment device 10 may have one or more detectors 30 and one or 
more iUununation sources 43. In an aLtemate embodiment other ligibt sources, separate 
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ficom a primary li^t source (e.g., light sources 23), may operate via optical window 21, * 
but inay be configured to not be primary Ultimination sources. One or more detector(s), 
fox ejcample, imager 24^ may be located, in any suitable location in device 10 so as to 
receive illumination data firom- light . sources .43 after .being reflected off an ia-vivo 
object or lumen waU etc. (arid possibly passing through window 21). Imager 24, which 
may be used for other imaging functions for device 10, or may be wholly or partially 
dedicated to detection of iUumioation generated by ligjit spurce(s) 43- For example, 
imager 24 may iaclude a certain number of pixels in, for example, an unused or little 

used portion of an imager. Alternately, imager 24 may be placed closer to ligjit sources 

• *.'•■•. 

43, or to apafh of light from light SQurqeCs) 43. , / 

m • 

w 

[001 8] In some embodiments device 10 may have one or more optical windows 21, 
with associated imaging or other suitable components. Detector 30 may enable 
determination of ambient light in a Inmen, resulting, for example, firom the reflection of 
■ light firom light sources 23 off a luinen wall. Detector 30 may be, for example, a CiMOS 
camera, CCD, photodiode, or any other, suitable light , detector or unaging device. 
Detector 30 may be giTni'lar to imager 24, and in some embodiments detector 30 may 
r^lace imager 24. In further embodhnents, an imager such as imager 24, may both 
provide in-vivo ima^s and perform the functions of detector 30. 

* « 

[0019] According to some embodiments of -Bie present rovendon, when device 10 
travels ia-vivo through a relatively small diameter honen, for example, such that the 
lumen walls are in (dose vicinity to the shell 20, widdh envelopes in-vivo device 10, and 
in close vicinity to detector 30, detector 30 may receive TninimaT or negligible reflected 
light or othCT electromagaetic iofonnadon from light sources such as light source(s) 23 
or 43- When device 10 travels through or into a relatively largp diameter lumen (e.g., 
the stomach relative to the esophagus, the large intestine relative to the small intestine), 
or passes into or out of a relatively large space Ce.g., into or out of the body itself) for 
exaxaple, such that a lumen wall is not necessarily in close vicinity to shell 20, ligjjt 
firom light source 23 or 43 that reflects off the hunen walls (e.g., ambi^t light) may be 
wholly or partially received by detector 30. 

[0020] According to some embodhnents of the present invention* the movement of 
device 10 .firom a larse space to a relatively small space may affect the amount of 

6 * * • • 
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■ : electromagaetic energy lecoxded by detector 30. After not having received reflected 
. light at detector 30 (or receiving a certain amount of light, or light below a threshold), 

• when detector 30 receives light (or receives^ different amoimt of light, or light above a 
. .predetermined threshold), for example, data firom .detector 30 may tciggex transmissicMi 

• of a signal to indicate that device 10 is located within a substantially larger diameter 
lumen. AdditionaUy or alternatively, when, for example, detector 30 th^^ 

• ligH stops receiving light or starts receiving substantiaUy less ligjit, data firom detector 

* 30 may trigger (for example via a separate controller or processor) tcansnussion of a 
signal to indicate that device 10 is located within a. substantially smaller diameter 
lumen. 

m 

[00211 In oth^- embodimehts, aft^ detecting a status change- in light received by 
detector 30, for example, after receiving substantially more light to detector 30, and/or 

• receiving less or no light to detector 30, a controller (e.g., controller 28, transmitter 26 if 
it includes control or processmg capability, or another suitable unit) may receive and 
process the data from detector 30, and may trigger one or more events to occur within 
device 10, by one or more components of device 10. Controller 28 may be the main 

. processor/controller of in-vivo device 10 or it may be dedicated to detector 30 or other 
sub-systems. Another, processing imit, such as transmitter 26, may be associated with 
detector 30. For example, controller 28 or another processing device may initiate 
sending of a signal and/or execution of an event in response to a status change in the 
light received by detector 30. In other embodiments, an imager such as imager 24 may 
collect lifijat level data. For example, if moTing ftoni a reladvejy smdl dfiameter lumen 
into a larger diameter lumen affects the amount of light received by imager 24, such 
aiuinination changes may be used to radicate movCTirat firom one area to another. 

[0022] hi this way, detector 30 may enable proAfision of an indication as to an in-vivo 
device location in a body. For example, detector 30 or information received firom 
detector 30, suich as light level iofoxmation, may indicate when device 1 0 has passed out 
of the smaU intestme (e.g., wh^e the walls may be in close vichdty to device 10) and 
has moved into the large intestine, which has a larger diameter. Similarly, information 
firom detector 30 may, for example^ provide an indication as to vwhen device 10, for 
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. example, has passed out of the stomach and moved on to the small intestine, or has left 

■ 

* the esophagus and moved into the stomach etc. 

[0023] Examples of events that may be triggered following an indication by device 10 
'' ' %f fi location' change of device 10 may include, for example, commanding device 10 to • 

• * • 

.transmit images afier device 10 provides an indication that it has reached the colon; 
histruotmg device 10 to deliver medication or take samples etc. at one or miore selected 
times and/or locations; instructing device 10 to start or finish events due to the 
indication given; iostructiag device 10 to change operation mode, etc. Other examples 
"may ioclude, for example, changing the focus of imager 24, changing the lighting ftom 
light som-ces 23 and/or 43, releasing a chemical, starting data transmission, shutting 
■ . . down or pausing imaging or other function, and initia t ing or ceasing in-vivo sensing by 
one or more sensing devices (e.g., pH sensor, temperature sensor, etc). Other suitable 
mode changes or operations may take place. For example, device 10 maybe controlled 
according to the location indication, thereby enabling en^gy saving for device 10, for 
©Hample, by initiating events or ceasing events according to the progress of device 10 

- .v-throu^the GItract Other events or operations nm^ * 

[0024] According to some embodiments of the present invention, detector 30 may 
transmit signals relating to light detection to controller 28, for example, ASIC 
controller^ or any suitable data processing unit. Controller 28 may receive Ihese signals 
and determine firom the received signals, for example, by comparing the signals vrith 
pricftr received signals, whether or not there has been a status change in the ligjit received 
. by detector 30, for exan^le, according to a pre-determined threshold- In the case where 
a status change in Tight received by detector 30 has been determined substantially 
more light is received, or substantially less ligjht is received), controller 28 may trigger a 
signal indicating, for example, a location changp of device 10. The signal may be sent to 
any device 10 components, or may be transmitted to one or more receiving units outside 
device 10, by, for example, transmitter 26. Controller 28 may additionally or 
alternatively trigger an event, for example, in device 10, or in an external device sucih 

- as, for example, data processor 14. Light status change may be determined according to 
the changes in quantity and/or quality of Ught received to. detector 30, In an alternate 
embodiment r iptq such as ra\y date at filtered data firom detector 30 or another suitable 

8 • 
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light detectioii cpmponeiit (e.g., an imager) may be transmitted to an external device 
(e-g., data processor 14), where a status change siich. as movement between diE^ent 
sized lumens may be determined. Such data may be transmitted, for example, via 
transanitter '26. . 

[0025] Reference is now made to Fi^ 3A, which is a flow chart depictmg a method for 
indicating ia-vivo device location within a body, according to sonie embodiments of the 
present iavendon. An embodiment of the method, which may be, for example 
implemented nsiog at least one light detector positioned such illumination reflected 
firom the lumen walls to the detector is not substantially received through the device's 

« m 

primary optical window 21, for example, such that in a small diameter lumen, the 
detector will not receive light or will receive only light under a certain threshold. 
However, the method may be implemented u^ng olher in-vivo devices having other 
suitable structm-es. At block 300, a lumen may be illuminated usiag one or more light 
sources, for ^cample, through an in-^vo device window. At block 305, the ligjht 
reflected to one or more Hght detectors, for example positioned as described herein, may 
- be.detected. 

[0026] At block 310, signals received from reflecsted ligjit may be processed. At block 
312 it may be determined whedier there has been a change or substaniial change in the 
quaHly and/or quality of light received by the detector. At block 315 if there is no 
substantial change in the quality and/or quality of light feceivBd, as determined 
according to a pre-detemiined threshold, the in-vivo device may continue fundioBing as 
before. At block 320, if there is a change in the quality and/or qualiiy of light received, 
for example as determined according to a pre-detennined threshold, the in-vivo device 
may send a signal to a reception uuit, processing uuit, and/or a user/operator etc. At 
block 325, if there is a change iu the quantity and/or qualiiy of light received, for 
example, as determined according to a pre-determined threahold, a user or operator of 
the in-vivo device may initiate and/or teronnate one or more events. Additionally or 
alternatively, at block 330, if there is a change ia the quantily and/or quality of light 
received, for example, as deteimiaed according to a pre-deteomined threshold, a user or 
operator of the in-vivo device may change a mode of opesration. The initiating or 

■ 

' temiinating of events, and/or chsanging of operation mode etc. of the in-vivo device may 
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be implemented by a user or operator of the device, or by the device processor or 
alternative controller. Any combination of the above steps may be implemented. 
Further, other steps or series of steps may jbe used. For example, the steps of 
determicdng if a light pattern or level has changed to deteriniae a position change may 
be performed by a processor external to the body based on signals tcansraitted firom the 
in-vivo device. 

[0027] According to anothra: embodiment at block 312 it may be deternuned if the light 
being detected is above or below a predetermined tiireshold. According to this 
determination the device or components of the device may be made to continue 
operation (block 3 15) or to send a signal (block 320) or to initiate or terminate an event 
(block 325) or change a mode of operation (block 330) or any other suitable operation . 
according to embodiments of flie invention. The in-vivo device, for example,, wthout 
the interaction of a user or operator, may imjplement ifaese operations or other suitable, 
operations- For example, an imaging device, such as descsribed above, may be ingested, 
swallowed, or otherwise inserted by a patient. Upon swaUpwing, vifliile the device is in 
the patirat*s esophagus and relatively litde^light (e.g., under a predetermined threshold) 
reaches the devices detecfcor the imager of the device may be imaging at a high fiame 
rate. When the imnging device reacdies the patient's stomach a relatively large amoimt- 
of light may be detected by a detector in the device and as aresultthe frame rate maybe 
lowered. Various other mode changes may occur. When the device enters the small 
intestine from the stomach the amount of ligjit detected by the detector may again be 
below a predetenninecl threshpld and as a result tiie main illumination of the device may 
be intensified- OfliS steps and operations are possible. 

[0028] Reference is now made to Fig. 3B, which is a flow chart depicting a method for 
indicating in-vivo device location within a body, according to some embodiments of the 
present invention. Embodiments of the method may be, for example implemented using 
at least one light source positioned on the sides of device 10 or at any other location of 
device 10, such that Ught discharged through light source(s) 43 which illuminates 
objects (for example, lumen walls), may not be reflected off the object or lumen wall 
and may not be .detected by imager 24, when device 10 is traversing a small diameter' 

• * 

■ 
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Ixunen. However, the methLod may be implemented using other ia-vivo devices Having 
other suitable structures. . * :* ; 

[0029] At block 350, a lumen may be iUumiiiated using oiie or more light sources, for 
example, at the sides of an in-vivo device or oliiervvise smtably positLoned. At block 
355, the light reflected off the in-vivo objects or lumen walls etc, to one or more light 

« 

detectors, for example imager 24, may be detected. At block 360, signals received from 
reflected light may be processed, for example, by processor 28 or other suitable 
processing units. At block 365, if there is no substantial change in the quality and/or 
quality of Ugjat received, as determined according to a pre-determined ttoesbold, the in- 
vivo device and/or an external processing or receiving system may continue functioning 
as before. At block 370, if there is a change in the quality and/or quality of light 
received, for example as determined according to a pre-detemiined tbresbold, a us©r or 
operator of the in-vivo device may send a signal to a reception unit, processing unit, . 
and/or a user/operator etc. In the case where a user and/or operator receive a signal or 
data, the -aset and/or operator may provide an instruction to initiate or terminate ^ 
event in the icc-vivo device or in other system* components. - - 

[0030] At block 375, if there is a change in the quantity and/or qualiiy of light recdtved, 
for example, as determined according to a pre-detemained threshold, a user or operator 
of the in-vivo device may initiate and/or terminate one or more evente. Additionally or 
altanatively, at block 380, if there is a change in the quantity and/or qualiiy of ligjit 
redeived, for example, as detemuned according to a pce-detexmined threshold, a user or 
op^Htor of liie in-vivo device-may c^hange a rnode of operation of the device and/or an 
external system. The initiating or terminating of events, and/or chan g ing of operation 
mode etc. of the in-vivo device may be implemented by a user or operator of the device, 
or by the device processor or alternative controller- Any combination of the above steps 
may be implemented. Further, other steps or series of steps may be used. For example, 
the steps of deteraiining if a ligJit pattern or level has changed to determine a position 
change may be performed by a processor external to the body based on signals 
transmitted firom the in-vivo device. 

[0031 1 According to another enibodiment at block 362 it may be determined if the light 
being detected is above or below a predetermined threshold. According , to this 

11 
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determinalioii the device may be made to continue operation (block 365) or to send a 
• signal (block 370) or to initiate or terminate an event (blocks 375 and 380 respectivd.y) 
or any otber operation according to embodiments of the invention. The in-vivo device, 

s 

. for example, withoiit the interaction of a user or. operator, may implement these. 

* • ' * 

operations or other suitable operations. 

• [003:^] According to some embodiments of the present invention, the in-vivo motion 
. detection may be implemented using at least one light detector 30 and at least one light 
somce 43; both being positioned substantially separately firom the main aiumination and 
light detection units (23 and 24 respectively) of in-vivo device 10- For example, the 

' detection unit(s) inay be placed so as to detect ligjit that is substantially xeflecDed fiom 
an in-vivo object or lumen v^all etc., the light having emanated fiom light source 43. 

* 

For example, the illumination unit(s) may be placed sq as to generate light that 
substantially illuminates an in-vivo object or lumen vrall etc. not using optical window 
21 (e.g., detector may be located on one or more sides of in-vivo device 10). In this 

• way, for example, in a grnall diameter lumen, the detector may.not xecdve ligjit or may 
only receive light under a certaia threshold, virhile in a large litmen, the detector rhay - 
receive li^t above a certain threshold. 

10033] The foregoing description of the embodiments of the inveaition has been 
presented for the purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form disclosed. It should be 
appreciated by persons skilled in the art that many modi&cations, variations, 
substitutions, changes, and equivalents axe possible in Ught of the above teaching. It is, 
therefore, to be understood that the appended claims are intended to cpver aU such 
modificatioris and changes as faU within the true spiri 
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CLAIMS 



• What is claimed is: 



11. A .system as descnbedinflie specificadon and drawings. 
,2. A mefbod as descdbed in the specification and drawings. 



I 



* * 
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